Abstract. The aim of the experiment was to verify the CO 2 concentration in the indoor environments in different flows of fresh air per person, based on the legislative requirements of the Czech Republic and the European Union. The experiment was performed in a passive house at the Faculty of Civil Engineering, VSB -Technical University of Ostrava. Legislative requirements regarding minimum fresh air flow (25 m 3 /h) according to the measurements do not comply with the recommended limits on CO 2 concentration of the valid legislation. The paper analyzes the impact of variable fresh air flow on CO 2 concentrations in the interior of building. The article describes the method of the experiment and evaluate the results of the real test.
Introduction
The mechanical airing should mainly ensure a supply of fresh, hygienic air and the removal of unnecessary humidity while keeping the concentration of CO 2 low (below 1000 ppm according to the Pettenkofer criteria, [3] ), and removing other harmful substances in the interior. The development of the listed toxic substances is caused predominantly by general, everyday activities and by the flora present in the room. [2] .
Our today's internal microclimate of a building changes in relation to the increasing air-tightness of modern, low-energy, passive and zero homes. The main purpose of increasing the air-tightness of buildings is mainly the economical and profitable usage of energy necessary to heat a house. The gross thermal loss consists of two parts; thermal loss due to construction penetration and thermal loss caused by airing. The latter is, in the case of economical homes, suppressed by the airtightness of the building's facade.
Fresh air is thus transferred to the interior in varying seasons. Most often, air is brought in mechanically, with the aid of an air-tight appliance, where it goes through a recuperator and is eventually mixed with circulating air and then warmed. Then it travels to individual rooms as needed [4] . An adult man usually ventilates the lungs about 15 times per minute. The ventilation volume is about 500 ml, which corresponds to about 0.45 to 0.50 m 3 /h. The recommended concentration of CO 2 in a living area is max. 1000 ppm according to Max Joseph von Pettenkofer Criteria. The maximum current value valid for the Czech Republic is 1500 ppm [5] . This value applies to residential rooms (previously it was 1000 ppm). 
Description of Experiment

Legislative criteria
Measurement
Before measurement of the low flow rating (15 m 3 /h and 25 m 3 /h), the room was well ventilated via the windows to a value of 500 -600 ppm to increase the CO 2 concentration. At higher flow ratings, it was not necessary to ventilate the room.
For each measurement, at the beginning and at the end, the CO 2 concentrations in the outdoor air were observed. And each measurement took at least two hours. During all measurements the weather was sunny and summery with a slight breeze. Only when measuring the flow rate of 50 m 3 /h (rainy, grey line), did it start to extensively rain after 1 hour 16 min, but CO 2 values increased only slightly, the values are shown in Table 1 .
Measured results
Result from central system Desigo
The first outcomes are from the central computer system Siemens Desigo picks the all data (interior and exterior temperatures, CO 2 , indoor relative humidity, relative humidity in the constructions, lighting, temperatures in the walls, roof, temperatures in the soil under the house, tension in the footing bottom, energy consumption) from the whole experimental house. External CO 2 values are in the first line of the table, CO 2 values were separated to the table, see below. Generally, it can be said that the CO 2 concentration in the ambient air has a greater influence on the internal concentration than would be expected. Outer concentrations vary according to the type of weather, location (country, city…) and the season in values ranging from about 300 -500 ppm. It then has a significant influence on the resulting internal CO 2 concentration. 
Results from the subsidiary sensors
When measuring the internal CO 2 concentrations another subsidiary measurement was performed using eight secondary Comet T6450 sensors, which were located (suspended) in opposite corners, 1 m from the surrounding walls and 0.75 m above the floor, superimposed on each other hung (4 pieces sensors), see Fig. 1 . These curves for other flows and measurements also correspond to the central Siemens Desigo gauge system (Figure 4) .
At the next figures (from Comet Database software) is brightly visible the difference among the development of CO 2 concentration and the finally values. Measuring steps were every 10 seconds. Comparing between two tables 1 and 2 it is apparent that the resulting values are not too different. The differences in the resulting concentrations are caused by sensor deviation.
Without the air exchange, after an hour the concentration of CO 2 in the room would be approximately 0.89 %, thus 890 ppm (50.2 m 3 x 0.45 -0.50 m 3 /h). Detailed measurements took place in 2014 [2, 3] . Therefore, it is necessary to continuously ventilate the room. Human exhaled air has a concentration of about 35000 to 50000 ppm.
Interior temperature and relative humidity
Outside temperature during the individual measurements varied from 25 °C to 30 °C. Total solar radiation had an effect on the thermal load inside the tested room and consequently on the initial temperature inside the room. The temperature during the measurement usually increased due to the heat emission of one person -man (sensible heat about 62 W at 26 °C) and one laptop to check the results of the Comet sensors, see Figure 12 . Values of 1500 ppm were not achieved (a longer period of time would be necessary), see [3] , but at this level a person feels so-called heavy air, more sweating and impending malaise (note the author's own measurements). The feeling between fresh air and highly concentrated CO 2 is quite diametrical, especially when leaving the testing room and then coming back.
Only with high levels of air exchange of 60 m 3 /h was it possible to maintain a relatively constant internal temperature and internal relative humidity, see Fig. 13 . However, during measurements at 60 m 3 /h, the outdoor temperature was 25 °C. 
Conclusion and solution
A solution to maintaining the level of CO 2 concentration in a room is to maintain the flow at about 40 m 3 /h and more. Do not propose ventilation systems with low levels of air flow. This recommendation is valid above all for the period when a person is in the room, during mental activity and rest. During the sleep it is possible reduce this flow to 30 m 3 /h. Physical workload requires an even greater supply of fresh air than 50 m 3 /h. If we consider air heating, the demand for energy will be a little higher, but a healthy microclimate will remain. That's more important. From the measurement results it is recommended that the volume of fresh air into the room should not be lower than 50 m 3 /h and to avoid favoring energy consumption over the health aspect.
